The receptor-associated protein of the synapse (rapsyn) is required for anchoring and stabilizing the nicotinic acetylcholine receptor (AChR) in the postsynaptic membrane of the neuromuscular junction (NMJ) during development. Here we studied the role of rapsyn in the maintenance of the adult NMJ by reducing rapsyn expression levels with short hairpin RNA (shRNA). Silencing rapsyn led to the average reduction of the protein levels of rapsyn (31% loss) and AChR (36% loss) at the NMJ within 2 weeks, corresponding to previously reported half life of these proteins. On the other hand, the sodium channel protein expression was augmented (66%) in rapsyn-silenced muscles. Unexpectedly, at the ultrastructural level a significant increase in the amount of secondary folds of the postsynaptic membrane in silenced muscles was observed. The neuromuscular transmission in rapsyn-silenced muscles was mildly impaired. The results suggest that the adult NMJ can rapidly produce postsynaptic folds to compensate for AChR and rapsyn loss.
Introduction
The postsynaptic apparatus of the skeletal neuromuscular junction (NMJ) is specialized to respond continuously and accurately to the neurotransmitter acetylcholine (ACh) released from the overlying nerve terminal. The acetylcholine receptor (AChR) is clustered at high density in the postsynaptic membrane by the receptor-associated protein of the synapse (rapsyn). Rapsyn is required for the organization of the developing NMJ since rapsyn-deficient mice lack differentiated NMJs and die shortly after birth (Gautam et al., 1995) . In these mice, both presynaptic and postsynaptic abnormalities were found, including the lack of AChR clusters, lack of postsynaptic membrane folding, excessive nerve sprouting and decreased nerve terminal arborization.
Mutations in the promoter or the coding sequence of the human RAPSN gene can cause congenital myasthenic syndromes (CMS). Decreased recruitment of AChR to rapsyn clusters, as well as decreased rapsyn expression at the endplate is likely to account for the endplate AChR deficiency (Cossins et al., 2006; Engel and Sine, 2005; Hantai et al., 2004; Maselli et al., 2003a; Ohno et al., 2002) resulting in an impaired neuromuscular transmission. In patients with the N88K rapsyn mutation (either homozygous or heteroallelic with other missense or promoter mutations) simplified postsynaptic membranes with few folds were found (Ohno et al., 2002 (Ohno et al., , 2003 .
The AChR clustering by rapsyn is strongly enhanced by nerve agrin (Brockhausen et al., 2008; Nitkin et al., 1987) , which acts via lrp4, the receptor for agrin, and the muscle specific tyrosine kinase (MuSK) (DeChiara et al., 1996; Kim et al., 2008; Zhang et al., 2008) . Agrin increases the half life of the AChR from 1 day to 10 days in muscle fibers (Bezakova et al., 2001 ). This process is entirely dependent on rapsyn, since silencing rapsyn in vivo completely prevents agrininduced AChR clustering (Kong et al., 2004) . Agrin deficient mice show very similar pre-and postsynaptic structural abnormalities as rapsyn-deficient mice (Gautam et al., 1996) . In MMP3 null mice, which have increased synaptic levels of agrin, increased postsynaptic membrane folding has been observed (VanSaun et al., 2003) . These observations suggest the possibility that agrin enhances both pre-and postsynaptic specialization via rapsyn. In line with this idea, β-
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